The prenylated flavonoids, topazolin [5, 7, flavone], piscerythrone [5,7,2',4'-tetrahydroxy-5'-methoxy-3'-(3,3-dimethylallyl)isoflavone] and piscidone [5,7,4',5'-tetrahydroxy-2'-methoxy-6'-(3,3-dimethylallyl)isoflavone] were meta bolized by Aspergillus flavus and Botrytis cinerea to give a variety of products. Topazolin and piscerythrone were converted by both fungi to com pounds similar to those previously ob tained from luteone (6-prenyl) and licoisoflavone A (3'-prenyl) respectively. The 6'-prenylated isoflavone piscidone was metabolized only by B. cinerea to give the corresponding dihydropyrano-isoflavone as a m ajor product. N either fungus was found to metabolize the 8-prenylated pyranoflavanonol lupinifolinol.
Introduction
In earlier papers we reported that 6-, 8-and 3'-prenylated isoflavones (wighteone (1) [I] and lu teone (2) [2] , 2,3-dehydrokievitone (3) [3] , and lico isoflavone A (4) [4] ) and the 2-prenylated pterocar pan edunol (5) [5] were variously metabolized by Aspergillus flavus and Botrytis cinerea to give less fungitoxic hydrates, glycols and cyclic ether deriv atives. These metabolites can be assumed to arise by one of two basic reactions, namely prenyl hy- dration by A. flavus (-» hydrates) or prenyl oxida tion by both fungi (-» cyclic ethers and glycols). The latter reaction presumably involves the initial formation of an unstable intermediate epoxide [6] from which a glycol sidechain or a cyclic ether (dihydrofurano or dihydropyrano) derivative can easily be obtained.
Our isolation of a 6-prenylated flavone (topazo lin (6) ) from Lupinus luteus cv. Topaz [7] , an 8-prenylated pyranoflavanonol (= 3-hydroxyfla-6 342 -3 -1 ) 17 R=OCH3 (piscerythrone glycol) 22 R=H (M-3-2) H O vanone) (lupinifolinol (11) ) from Lonchocarpus guatemalensis [8] , an d the prenylated isoflavones piscerythrone (12) (3'-prenyl) and piscidone (23) (6'-prenyl) from Piscidia erythrina [9, 10] p ro m p t ed us to conduct fu rth er m etabolic studies using these new substrate molecules.
S. Tahara et al. ■ Fungal Metabolism o f Prenylated Flavonoids
The present p ap er describes the isolation and identification o f com p o u n d s resulting from the fungal m etabolism o f topazolin (6) , piscerythrone (12) and piscidone (23). The fo u rth su b strate, lupi nifolinol ( 1 1 ), was recovered unchanged from cu l tures o f both A .fla x u s and B. cinerea.
Results and Discussion
A lthough topazolin (6) is a flavone, it possesses an A -ring p art structure (5,7-dihydroxy-6-prenyl) identical with th at o f the isoflavones w ighteone ( 1 ) and luteone (2 ) previously used in o u r m etabolic studies [1, 2] . W hen incubated with B. cinerea, to pazolin (10 mg) was converted into three m etab o l ites denoted BT-1 (8, 4.5 mg) , 0 .7 mg) and 2.3 mg) . In the presence o f A .fla v u s, the sam e q u an tity o f topazolin principally yielded m etabolite AT-1 (7, 7.9 
Proton
Topazolin (6) sionally identified as topazolin hydrate (7), cyclic ether derivatives o f topazolin (8 and 9) , and to p a zolin glycol ( 10 ) respectively. M etabolite AT-1 was indistinguishable (UV, MS, 'H N M R and T L C ) from au thentic topazolin hydrate (7) previously isolated from the roots of L. luteus [7] . The presence o f a glycol (2,3-dihydroxy-3-m ethylbutyl) sidechain in m etabolite BT-3 (10) was evident from the MS fragm ent at m /z 313 ( M + -89) , and this was confirm ed by a 'H N M R com p arison with the know n glycol d eriva tives o f w ighteone [1] , luteone [2] and 2 '-hydroxylupalbigenin [11] . D ifferentiation between the cy clic ether side structures o f m etabolites BT-1 (8) and BT-2 (9) BT-2) [1, 2] .
In c o n tra st to topazolin, neither A. fla vu s nor B. cinereci m etabolized the 8-prenylated pyranoflavanonol lupinifolinol ( 1 1 , 10 mg) w hich was recov ered unchanged from the culture m edia. The rea son for the failure to m etabolize lupinifolinol is unclear, alth o u g h the non-p lan arity o f the basic flavanone ring system seems unlikely to be a m ajor factor. T hus, w hilst isoflavones have a p lan ar ring system, we have show n th a t the n o n -p lan ar pterocarpan edunol (5; prenyl at C-2) is m etabolized by A. flavus to give dihyd ro fu ran o -, dihyd ro p y ranoand glycol-derivatives [5] , O ur earlier studies on the root bark com ponents o f P. erythrina [9] yielded large quantities o f the isoflavone piscerythrone (12) [4] , N o evidence was obtain ed to show th a t piscery th ro n e could be dem ethylated by the isolate o f B. cinerea used in the present study. In contrast, previous w ork involving a different isolate of B. cinerea suggests th a t this fungus can dem ethyl ate the isoflavonoid (p terocarpan) m edicarpin to give dem ethylm edicarpin [12] .
In a d d itio n to piscerythrone, we have also inves tigated the fungal m etabolism o f piscidone (23), a 6'-prenylated isoflavone similarly obtained from P. erythrina [9, 10] . Piscidone (23) and kw akhurin from Pueraria m irifica [13] appear to be the only m onoprenylated isoflavones with the prenyl group at C -6' (= 2'). A lthough the fungal m odification of isoflavones m onoprenylated at C -6 [1, 2] , C -8 [3] and C-3' (= 5') [12, and r e f 4] has already been re ported, no w ork has yet involved com pounds w ith 6'-prenylation.
In the presence o f B. cinerea (but n o t A. flavus) the sterically hindered 6'-prenyl 7 1 ) also sup p o rted stru ctu re 24 [2] , A p a rt from side structure differences, the 'H N M R spec trum o f BP-1 closely resem bled th a t o f piscidone (Table I) . We believe th a t m etabolites BP-2 and BP-3 are probably the d ih y d ro fu ran o derivative corresponding to 24, and piscidone glycol respec tively, but neither com pound could be obtained in am ounts sufficient for identification.
The substrate specificity in fungal m etabolism o f prenylated flavonoids/isoflavonoids is sum m a rized in Fig. 1 . H ydration o f the prenyl sidechain was only associated with m etabolism by A. flavus, and was confined to the sidechain at C -6 (ring A ). In other respects, A. flavus and B. cinerea were generally similar, giving cyclic ether and glycol m e tabolites in varying am ounts regardless o f w hether the substrate was prenylated at C -6/C -8 on ring A , or at C-3' (= 5') on ring B. How ever, as m entioned earlier, only B. cinerea appeared capable o f m odi fying a prenyl group located at C -6' (ring B). The 6-prenyl o f the flavone topazolin (6) (11; 10 m g I culture) L upinifolinol (11) (M +; 91), 383 (42), 366 (7.9), 365 (7.6), 352 (7.6), 351 (35), 326 (33) , 325 (M + -59; 100), 311 (11), 310 (11), 308 (10) , 307 (23), 297 (13) , 295 (7.6) , 283 (9.1), 269 (7.3), 131 (13) , 121 (32), 93 (7.2), 59 (49) . UV ?imax, nm: M eO H 217, 261 sh, 269, 308sh (br.), 343 (br.); + N aO M e 236sh, 262sh, 270.5, 300sh (br.) , 391 (br.); +A1C13 217, 229sh, 2 6 8 sh, 277.5, 303sh, 309, 367, 392sh ; + N aO A c unchanged.
M etabolism o f lupinifolinol
BT-2 (9): Pale yellow fine needles, m.p. 2 0 0 -203 C. U V 365nm fluorescence: dull black. G ibbs test: blue. MS m /z (rel. int.): 385 (M + + 1; 23), 384 (M +; 100), 383 (45), 365 (13) , 351 (9.7), 314 (15), 313 (M + -71; 76), 312 (41), 311 (8.3) , 298 (7.9), 297 (13), 295 (12), 283 (8.6) , 270 (1 1), 269 (31), 131
